• We examine the Chinese provincial air transportation network via the complex network theory.
Introduction 1
In the past twenty years, the theory and application of complex networks have attracted a great deal of attention from 2 different scientific communities [1] [2] [3] , such as network modelling [4] [5] [6] , cascading failures [7] [8] [9] [10] , evolutionary games 3 [11] [12] [13] [14] , traffic dynamics [15] [16] [17] and optimization [18] [19] [20] [21] [22] [23] . As a crucial infrastructure with an enormous impact on local, 4 national, and international economies, air transportation network (ATN) has been extensively studied via complex network 5 framework in recent years [24] [25] [26] [27] . Guimerà et al. [28] studied the worldwide ATN and found that the network is a scale-free 6 small-world network. They suggested that the community structure of the worldwide ATN cannot be explained solely based 7 on geographical constraints and that geopolitical considerations must be taken into account. Barrat et al. [29] examined the 8 weighted worldwide ATN and found that high-degree airports have a progressive tendency to form interconnected groups 9 with high-traffic links. Li and Cai [30] examined the airport network of China. The result reveals that the Chinese airport network shows small-world property, and the cumulative degree distribution of Chinese airport network (both directed 1 and undirected) obeys a two-regime power law.
2
In most previous studies, air transportation networks are primarily investigated with three different scales: world-3 wide [31, 32] , continental [33, 34] small-world property and so on. Commonly, a node denotes an individual airport or aggregated airports within the same city. It is well known that air transportation network is sensitive to the economical distribution and geopolitical constraints [28] , 8 and provinces can effectively reflect these properties in China. Consequently, it is natural to investigate Chinese ATN in the disassortative mixing level and is heavily affected by the output of tertiary industry.
14
The paper is organized as follows. In Section 2 we demonstrate the Chinese provincial ATN and the related network 
Network properties

33
To examine the features of the Chinese provincial ATN, we investigate some properties commonly used in complex 34 network literatures [1, 2] , including the cumulative degree distribution, degree correlation and the node strength. 
The cumulative degree distribution captures the probability of finding a node with connections not less than k. As a key 2 property of complex networks, the cumulative degree distribution has been widely used to characterize the structural 3 and dynamical properties of many real systems [5, 35, 36] . Here, the cumulative degree distribution is used to characterize 4 the structural heterogeneity of the Chinese provincial ATN.
5
• The degree correlation k nn (k):
For each node i, the average degree of its nearest neighbors is
8 where k i is the degree of node i, A ij is the adjacency matrix of the network and N is the size of the network. The degree 9 correlation k nn (k) is the average degree of the nearest neighbors of nodes with degree k [49].
11
where P(k ′ |k) is the conditional probability which following a link of a k-degree node we get to a k ′ -degree node. Here, 12 we adopt k nn (k) to reflect the relationship between the degrees of nodes in Chinese provincial ATN.
13
• The assortativity coefficient r: 
20
• The node strength S:
21
The strength S i of node i is usually considered as [29] 22 
Simulation results
1
Firstly, we investigate the structural heterogeneity of the Chinese provincial ATN. Fig. 2(a) shows the cumulative degree To address the degree correlation of the Chinese provincial ATN, we investigate the dependence of k nn (k) on k (Fig. 2(c) ).
7
One can see that the value of k nn (k) decreases as the increment of k, which means that the higher is the degree of a node, 8 the lower is the average degree of its nearest neighbors, i.e., high-degree nodes tend to connect to nodes with low-degree, Shangri-La and Lijiang, and the land transportation between these tourist destinations is relatively underdeveloped. Conse-
20
quently, Yunnan is of the largest number of inner flights though its area is not very large. Next we plot the relation between 21 the rate of inner flow R inner and the area of provinces (Fig. 3(b) and Tibet. This can be attributed to the regional economic difference: the number of airports for Qinghai and Tibet is 4 and 24 5 respectively, and they always fall into the last two in the GDP ranking in the past decades.
25
It is known that the tertiary industry is of an important impact on the development of air transportation [46, 51] . Fig. 4 
26
shows the relationship between the node strength S and the output of tertiary industry of provinces. One can see that 27 the value of S increases as the increment of the output of tertiary industry. According to the number of provinces, we divide provinces into three levels: high level (HL), middle level (ML) and low level (LL), where each level corresponds to 1 11 provinces (Fig. 4) .
2
To further examine the effect of tertiary industry on air transportation, we consider the variation of the flight flow within 3 24 h. Fig. 5(a) depicts the variation of the total number of flights
of departure flights and F a (t) represents the number of arrival flights. This shows that the three output levels of tertiary 5 industry exhibit similar circumstances: the flight flow is high in the daytime while it is low in the late-night. Besides, F total (t) 6 of HL is always larger than those of ML and LL. 
under HL shows an obvious tide phenomenon, which exhibits a deep valley in the morning and a remarkable peak in the 9 late-night. In detail, from 5:00 to 7:00, it is the morning peak of departure, but only a few flights arrive; from 7:00 to 9:00, 10 the arrival flights increase while the departure flights decreases, resulting in the increment of D f (t); from 9:00 to 21:00,
11
there is a balance between arrival and departure flights; from 21:00 to 23:00, it is the evening peak of arrival and thus D f (t) 12 monotonously increases; from 23:00 to 5:00, the arrival flights decrease to almost zero. For ML and LL, the value of D f (t) 13 also displays a week tide phenomenon. day. We further discuss the variation of the number of departure flights F d (t) and the number of arrival flights F a (t) for the 17 three levels ( Fig. 5(d) ). For LL, the differences between departing flow and arriving flow are quite small in the whole day.
18
For ML, there is a weak tide phenomenon. In the case of HL, the number of departure flights is remarkably larger than that 19 of arrival flights in the morning, and an opposite effect is observed in the late-night. 
Table 3
The number and percentage of flights for major provinces, where N dom is the number of domestic flights, of international flights although its number of domestic flights is small. To further explore the importance of these major 4 provinces, we display their information in detail (Table 3) . We can see that Guangdong province possesses almost one fifth 5 of the total domestic flights, while Hong Kong owns more than one fourth of the total international flights. investigating the relationship between k nn (k) and k, we found that the network displays disassortative mixing level. We also remarkably larger than that of arrival flights in the morning, whereas the opposite effect is exhibited in the late-night. 
